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Introduction 
With recent improvements in cardiovascular surgery more patients with advanced heart 
disease have become candidates for surgical treatment. In such patients, there is frequently a 
marked reduction in left ventricular function after open heart surgery due to the operative proce-
dures, anesthetic techniques and cardiopulmonary bypass, including cardioplegic cardiac arrest 
and myocardial protection. A more accurate understanding of left ventricular function is 
essential to prevent postoperative low cardiac output syndrome、whichis one of the serious com-
plications of open heart surgery. 
ト）y、temicpressure, central venous pressure, left atrial pressure and cardiac output, which are 
the commonly used parameters of the patient’s hemodynamic state, do not always provide a com 
plete picture of left ventricular function. On the other hand, echocardiography is now being 
extensively used in the diagnosis of cardiac diseases and the assessment of cardiac func-
tion1'7'8,i5,3Mo,53>, Indeed, the results of echocardiography correlate well with those of angio-
cardiography3,9,i2,2s,3s,41i, which is believed to be the most reliable method at the present time for 
the evaluation of left ventricular function. 
Howe、＇er、asconventional echocardiography involves the anterior positioning of the trans-
ducer. thus interfering with the operative field, it is not usually performed during cardiac surgery. 
Moreover, its images soon after operation are of poor quality. because of the presence of the air 
in the anterior mediastinal space. 
The author has introduced transesophageal echocardiography and assessed its clinical appli-
Ke~.word~：ヲ孟忌記ー孟;Jj\J.；~<le－ぷ…ー♂むら弓云y~~i五五示…：工＼； d一一lic characteristics, Low 
cardiac output syndrome，れirdiactamponade. 
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cation in the evaluation of left ventricular function soon after cardiac surgery. 
I. CLINICAL APPLICATION OF TRANSESOPHAGEAL ECHOCARDIOGRAPHY. 
Patients and Methods 
Transesophageal transducer: A nonfocused transducer (5 MHz, 10 mm in diameter, Aero-
thec, U.S.A.) was used in this study after its edges had been made more blunt for easy swallow-
ing. The transducer was attached to the tip of a selective bronchography catheter (Machida, 
FBC, No. 60073) to permit su伍cientcontrol of the transducer position and beam direction. 
With this catheter, the transducer can easily be introduced into the esophagus, angled at a point 
about 6 cm from the tip and rotated in any direction (Fig. 1). 
Patients: Thirty patients, 13 males and 17 females, were examined by transesophageal echo司
cardiography. Their ages ranged from 19 to 71 years (avg=46.2土13.4). Their diseases were; 
atrial septal defect (5), partial endocardial cushion defect (1), ventricular septa! defect (1), mitral 
stenosis (6), mitral regurgitation (2), aortic regurgitation (3), ischemic heart disease (3), left atrial 
myxoma (1), dissecting aneurysm of the ascending aorta (2) and cerebrovascular disease (6). 
Introduction of transducer: After the patients had fasted for 2-3 hours, scopolamine (0.01 
mg/kg) was administered intramuscularly 30 minutes before the examination. The pharynx 
was anesthetized with 10 ml of 2% viscous xylocaine, and the transducer, which passed easily 
through the cricopharyngeal sphincter, was swallowed; this technique is similar to that for gastro-
fiberscopy. At a point about 35 cm from the mouthpiece used as a bite block, an aortic valve 
園圃置園E盟国宝 ＠ 
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Fi~. 1. Transducer developed for transesophageal echocardiography by author. The transducer 
position and beam direction can be altered by controlling the handle of the catheter. 
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echogram was easily obtained, and comfirmed the position of the transducer. From this“key 
position", the transducer was advanced and/or rotated to obtain various echograms. Usually 
transesophageal echocardiography was performed in the supine position, but the right semilateral 
decubitus position was sometimes necessary to obtain the left ventricular echogram. At the 
same time al patients were examined by conventional anterior echocardiography (transducer: 
3目5MHz, 10 mm in diameter, Aerothec, U.S.A.). 
The echocardiographic apparatus used was Aloka-SSD 110 S or Toshiba-01 A, and echo-
grams were recorded on a strip-chart recorder (Aloka-SSZ 91) or 35 mm film at a speed of 50 or 
100 mm/sec combined with Lead I of the electrocardiogram. 
Results 
Transesophageal Echocardiography. 
At a point about 35 cm from the mouthpiece, the aortic valve echogram was clearly recorded. 
Figure 2-A is the echogram of the aortic root, showing the left atrium, aortic valve and right 
ventricular outflow tract as a mirror image of the conventional anterior echocardiogram. Right 
and non-coronary aortic cusps are clearly identified. From this“key position’＇， a slight clockwise 
rotation of the transducer makes it possible to obtain an atrial septa! echogram (Fig. 2-B). An 
advance of about 1 cm with counter-clockwise rotation affords scanning of the anterior mitral 
lea自et(Fig. 2-C). Further advance with counter-clockwise rotation provides a left ventricular 
echogram. As shown in Fig. 2 D, the interventricular septum and posterior left ventricular wall 
can be seen. Figure 2-E is an echogram of the anterior and posterior left ventricular walls. 
Comparison of Efficacy of Anterior and Transesophageal Echocardiography. 
Transesophageal echocareiography was compared with anterior echocardiography in 30 
patients (Fig. 3). With anterior echocardiography, an atrial septa! echogram could be obtained 
in 5 patients (16.7°/o), an aortic valve echogram in 22 (73.3°/o), an anterior mitral leaflet echogram 
in 24 (80目。%） and a left ventricular echogram in 23 (76.7%)- With transesophageal echocardio-
graphy, an atrial septa! echogram could be obtained in 30 patients (100%), an aortic valve echo-
gram in 30 (100%), an anterior mitral leaflet echogram in 30 (100%) and a left ventricular echo-
gram in 26 (86.7%). 
Comparison of Echocardiographic Measurements Obtained From Anterior and Tran-
sesophageal Echocardiography. 
Various measurements were compared in 20 patients (Fig. 4). The correlation coe伍cients
of the various measurements are as follows: aortic dimension (r=0.836), left atrial dimension 
(r=0.984), C-E amplitude of anterior mitral leaflet （ァ＝0.977)and diastolic descent rate of anterior 
mitral leaflet (r=0.978). The end-diastolic left ventricular dimension measurement of patient只
without paradoxical movement of the interventricular septum was slightly greater on transeso・
phageal than on anterior echocardiography, but the correlation was also good (r=0.898). 
Transesophageal Echocardiograms in Various Heart Diseases. 

















LA left atrium 
AOV: aortic valve 
RVO: right ventricular outflow tract 
IAS interatrial septum 
RA right atrium 
AM L: anterior mitral lea日目
IVS interventricular septum 
PL VW: posterior left ventricular wal 
AL VW anterior left ventricular wal 
E 
Transesophageal M-mode echocardiograms obtained. 
A: aortic valve echogram, B: atrial septa! echogram, C: echogram of anterior mitral leaflet, D: echo gram of poste-
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IAS: interatrial septum, AoV: aortic valve, ¥I¥' mitral、alve,
L V: left ventricle 
Fig. 3. Comparison of rate> of detection Letween anterior and transesophageal 
echocardiography. 
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Figure 5 isthe transesophageal echograms of a patient with mitral stenosis; these show an 
increased left atrial dimension and a reduced diastolic des四ntrate. A large band of multiple 
linear echoes is seen on the posterior left atrial wall. At surgery a large thrombus, which was 
lying on the posterior left atrial wall, was removed. The author had an opportunity to observe 
a mobile thrombus in the left atrium. This thrombus was floating in the left atrial t、avity(Fig. 6). 
Left atrial myxoma: 
Figure 7 shows the preoperative echograms of a left atrial myxoma seen as cloudy echoes 
moving in the left atrium. The myxoma almost filled the mitral orifice during diastole. At 
operation, a myxoma, weighing 30 gm and attached by a stalk to the interatrial septum‘was found 
and resected. 
Mitra) regurgitation due to ruptured chordae tendineae: 
Increases in left atrial dim巴nsion,left ventricular end-diastolic dimension and diastolic 
descent rate of the anterior mitral leaflet indicate mitral regurgitation (Fig. 8). In early systole、
ruptured chordae tendineae of the mitral leaflet prolapsed into the left atrium (arrow in middle 
panel). 
Aortic regurgitation: 
Figure 9 shows increased aorti< dimension, diastolic separation of the aortic valve, fine 
flutering of the interventricular septum and anterior mitral leaflet, and increased left ventricular 
end-diastolic dimension, indicating aortic regurgitation. In this case aortic stenosis is thought to 
co-exist with aortic regurgitation, because of the increase in echo intensity and restricted opening 
of the aortic valves. 
?? ?
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LAD: left atrial dimension 
C-E amp.: C-E amplitude 
DDR: diastolic descent rate 
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Transesophageal echocardiograms ofmitral stenosis with left atrial thrombus 
showing increased LAD and reduced DDR. A large band of linear echoes 





Left ventricular pseudoaneurysm following mitral valve replacement: 
837 
Figure 10 is a cardiac scanning echogram of a patient who had had mitral ml Ye replacement 
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Fig. 9. Echocardiograms of aortic regurgitation showing increase in aortic dimension. 
diastolic separation of aortic valve (arrow in left panel), increase in left ventri・ 
cular end-diastolic dimension, and五nefluttering of anterior mitral leaflet (arrow 
in middle panel) and interventricular septum (arrow in right panel). 
ducer at the level of the mitral annulus allowed scanning of the abnormal cavity adjacent to the 
mitral annulus. Preoperative left ventriculography revealed a left ventricular pseudoaneurysm. 
Dissecting aneuηsm of the ascending aorta: 
In Fig. 11, the ascending aorta is remarkably dilated from its origin, and an intimal flap is 
identified; mid-systolic closure can be seen in the aortic valve suggesting low cardiac output. 
The fluttering of the interventricular septum (arrow in right panel) is probably the result of 
aortic regurg1tahon. 
Atrial septal defect: 
Enlargement of the right ventricular outflow tract and paradoxical movement of the inter-
ventricular septum indicate right ventricular volume overload. The atrial septal echo is inter-
rupted in the echogram obtained in the beam directed to the atrial septum (Fig. 12). 
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Fi邑.10. Transesophageal i'd-mode scan of left ventricular pseudoaneurysm following 
mitral valve replacement showing almormal ca、ityadjacent to the mitral 
annulus (An. in lower panel). Left upper panel is CT and right upper panel 
is chest x-ray film of the same parient. 
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I. APPLICATION OF TRANSESOPHAGEAL ECHOCARDIOGRAPHY FOR EV A-
LUATION OF LEFT VENTRICULAR FUNCTION SOON AFTER CARDIAC 
SURGERY. 
Transesophageal echocardiography provides a continuous cardiac examination during and 
soon after operation. The purpose of this study is to assess the usefulness of transesophageal 
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Fig. 12. Echocardiograms of atrial septa! defect showing enlargement of right ventricular －ーーー
outflow tract and paradoxical movement of interventricular septum. Atrial 
septal e℃ho is interrupted (left panel). 
echocardiography in measuring changes of left ventricular function soon after cardiac surgery. 
Patients and Methods 
Patients: Twenty patients, 9 males and 11 females, who underwent cardiac operation in the 
Second Department of Surgery of Kyoto University Hospital or the Department of Cardio-
vascular Surgery of Takeda Hospital, in Kyoto, were studied. The ages ranged from 21 to 59 
years (avg=43.7土12.0). Their diseases were: atrial septa! defect (5), partial endocardial 
cushion defect (1), ventriculaτsepta! defect (1), mitral stenosis (6), mitral regurgitation (1), aortic 
regurgitation (2), ischemic heart disease (2) and constrictive pericarditis (2). 
Patch closure of atrial septa! defect was performed in 6 patients, patch closure of ventricular 
septa! defect in 1, mitral valve replacement in 7, aortic valve replacement in 2, aortocoronary 
bypass in 2 and pericardectomy in 2. 
These patients were divided into 5 groups: Group I, 6 patients with atrial septal defect in-
eluding 1 with partial endocardial cushion defect; Group I, 6 patients with mitral stenosis; Group 
III, 4 patients with left ventricular volume overload; Group IV, 2 patients with isch巴micheart 
disease; Group V, 2 patients with constri「tivepericarditis. 
Anesthesia: As a premedication, morphine sulfate (0.1 mg/kg) and scopolamine (0.01 mg/kg) 
were administ巴redintramuscularly 1 hour before the operation. Induction of anesthesia was 
performed with diazepam (0.2 mg/kg) and morphine sulfat巴（12 mg/kg, drip-infused for about 
15 minutes) during oxygen inhalation. Intubation was facilitated with the additional intravenous 
administration of 1 mg/kg of succinylcholine and xylocaine spraying of the larynx. To maintain 
anesthesia, pure oxygen or 50% nitrous oxide in oxygen with a non-depolarizing muscle relaxant 
was used. 
Cardiopulmonary bypass: A William-Harbey H 1500 bubble oxygen以oror Travenol mem-
brane oxygenator with hemodilution t町、：hnique(20-25% of minimal hematocrit value) was used 
for cardiopulmonary bypass. Two caval drainage tubes were inserted into the superior and 
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inferior vena cava from the right atrium; an arterial cannula was inserted into the left femoral 
artery. The bypass pump was driven at a fl.ow rate of 2.4 L/min/BSA(¥I味 Incases of atrial 
septal defect, artificial fibrillation with normothermia was employed、butin the others. moderate 
hypothermia (about 30°C of rectal temparature) and cardioplegic cardiac arrest with Young’s 
solution and :¥IIK solution36> were used for myocardial protection, with topical cooling with ice 
slush. MIK solution was infused into the aortic root every thirty minutes (10 ml/kg). 
Hemodynamic measurements: After patients were anesthetized, a 21 G plastic needle was 
inserted into the left radial artery, and an BF Swan-Ganz Catheter (Edward Laboratories) was 
inserted into the pulmonary artery from the right internal jugular vein by the puncture method. 
Systemic arterial pressure and pulmonary capillary wedge pressure were recorded using a fluid-
印edtransducer (Gould Stetham, Model P23 ID) on a polygraph (Sanei司 Model141 6) with 
electrocardiogram. Cardiac output was measured by the thermo-dilution method with a Cardiac 
Output Computer (Edward Laboratories, Model 9520A). Cardiac index (CI) and stroke volume 
(SV) were calculated by the formulas. 
Cardiac Index (CI)=Cardiac Output (CO)/BSA (M2) 
BSA: Body Surface Area 
Stroke Volume (SV)=Cardiac Output (CO)/Heart Rate (HR) 
One month after the operation, hemodynamic measurements were performed with cardiac 
catheterization. 
Echocardiograms: After induction of anesthesia and intubation、thepharyngeal region was 
anesthetized locally with 10 ml of 2% viscous xylocaine, and the transesophageal transducer was 
introduced into the esophagus orally. Echocardiograms were recorded before, during and 
immec¥iately after operation, and 3, 6, 12 and 24 hours after operation. Echocardiograms were 
also obtained during cardiac catheterization one month after operation by the procedure described 
previously. 
The echocardiographic apparatus used was Aloka-SSD 110 S, and echocardiograms were 
recorded on an Aloka-SSZ 91 Strip-Chart-Recorder with electrocardiogram at a paper speed of 
50 or 100 mrr巾ec.
Echocardiographic measurements: Figure 13 demonstrates the echocardiographic measu-
rements made in this study. Preモjectionphase (PEP) and left ventricular ejection time (L VET) 
were measured as the duration from the beginning of QRS of the electrocardiogram to aortic 
valve opening and from aortic valve opening to closure, respectively. Left ventricular end-
diastolic dimension (EDD) was measured at the peak of the R wave of the electrocardiogram, 
and left ventricular end-systolic dimension (ESD) was measured as the shortest dimension during 
systole. 
Stroke volume (SV), ejection fraction (EF), mean velocity of circumferential fiber shortening 
(mVcf), systolic time intervals (STI) and peak systolic pressure/left ventricular end-systolic dimen-
sion ratio (PSP /ESD) as indices of systolic function, and "normalized compliance" (Comp!.) as 
an index of diastolic characteristics, were calculated by the formulas: 
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Fig, 13. Echocardiographic measurements in this study; PEP: pre-ejection ph酷e,LVET: 
left ventricular ejection time, EDD: left ventricular end-diastolic dimension, ESD: 
left ventricular end-systolic dimension. 
EF＝討＼＇／ EDD3
mVcf二（EDD ESD)/EDD・L VET 
STI=PEP/LVET 
（‘omp.=(EDD3 ESD3)/mPCWP・ESDa 
mPCWP: mean Pulmonary Capillary Wedge pressure. 
Results 
In 20 patients, transesophageal echocardiograms were obtained before, during and immed-
iately after operation, and 3, 6, 12, 24 hours, and one month postoperatively. Echocardiographic 
measurements were obtained from the left ventricular and aortic valve echograms, and various 
indices of left ventricular function were calculated at each of the above times, and the significance 
of these indices was evaluated. Postoperative changes in various indices of left ventricular func-
tion are summarized in Table 1. 
Echocardiographic Evaluation of Systolic Function. 
Changes in systolic indices: 
In Group I, al systolic indices were maintained well with a slight decrease in EF, mVcf and 
PSP /ESD 6 to 12 hours after operation. SV gradually increased after closure of the atrial septa! 
defect with minimal postoperative impairment of left ventricular function (Fig. 14). 
ι＇h，‘tnges in the tndice' of left ventri< ular function soon after cardiac surgery. Table I. 
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In Group II司 theindices improved immediately after operation, but then gradually became 
ぜorse. After 6 to 12 hours, EF, mVcf and PSP/ESD decreased, but STI increased. Although 
there was an increase in SV one month after operation, other indices did not show signi日cant
improvement (Fig. 15). 
In Group III, SV was greatly reduced after operation; EF decreased, while mVcf and 
PSP/EおDincreased (Fig. 16). 
In Group IVうalindices were maintained relatively well with EF over 0.57, mVcf over 1.04, 
STI under 0.35 and PSP/ESD over 3.28 during the first 24 hours after operation, despite the 
obvious reduction 3 to 6 hours postoperatively. There were slight increases of these indices one 
month postoperatively (Fig. 17). 
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Fig. 16. 
immediately after operation and remained satisfactorily during the postoperative course (Fig. 
）?? ??
Comparison of SV between transesophageal echocardiography and thermo・dilution:
The S V value obtained by transesophageal echocardiography was slightly greater than that 
obtained by thermo-dilution; a high correlation (r=0.849) was noted between these two values 
(Fig. 19). 
Relationship between EF and CI: 
A close relationship was seen between EF and CI (r二 0.763). All patients with EF under 
0.5 and many with EF under 0.6 were treated for low cardiac output syndrome (LOS) (Fig. 20). 
Relationship between m V cfand CI: 
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Fig. 18. 
most patients with LOS, mVcf was under 1.0. 
Relationship between STI and CI: 
The relationship between STI and CI is illustrated in Fig. 22. STI correlated inversely with 
CI (r＝一0.625);al patients with STI over 0.6 and many patients with STI over 0.45 had LOS. 
Relationship between EF and PSP/ESD: 
As shown in Fig. 23, there was a positive linear relationship between EF and PSP/ESD 
(r=0.756); most LOS patients had a PSP/ESD ratio below 3.0. 
Echocardiographic Evaluation of Diastolic Characteristics. 
Changes in“normalized compliance”（Fig. 24): 
"Normalized compliance" of Group I was reduced from a preoperative value of 0.44士0.21
to 0.26土0.19postoperatively. 

































Fig. 20. Relationship between EF and (・I. 
for 24 hours. One month after operation "normalized compliance”increased. 
In Group III，“normalized compliance" was 0.16土0.06preoperatively and did not increase 
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Fig. 23. Relationship between EF and PSP/ESD. 
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Fig. 25. Relationship between "normalized compliance" and EF. 
one month, a definite incresae was observed. 
".'formalized compliance円 ofGroup V was 0.13 preoperatively and significantly improved 
by the removal of constrictive pericardium. 
Relationship between “normalized compliance”and EF: 
Between these two indices there was a positive linear relationship (r=0.728) after operation. 
Patients with EF under 0.5 had LOS without exception. Nevertheless, those with EF under 0.55 
and “normalized compliance" under 0.25, and those with EF under 0.65 and "normalized com-
pliance" under 0.15 frequently had LOS (Fig. 25). 
Discussion 
Transesophageal Echocardiography. 
Since it was first clinically introduced by EDLER and HERZ in 19546>, echocardiography has 
become a useful tool in the qualitative and quantitative diagnosis of cardiac diseasesBJ. Indeed, 
it provides much interesting information without any risk. The usefulness of 2¥1-mode echocardio-
graphy during open heart surgery was first reported by JOHNSON et al. in 197225>. SPOTNIZ 
et al. in 197648l and SToM et al. in 197850) also employed this method to evaluate left ventricular 
function during open heart surgery. Other intraoperative observations have been reported as 
weJlis，叫問． The disadvantage of their method is that surgeons must interrupt their activity to 
manipulate the sterilized transducer on the heart surface. There are some other limitations of 
use目 Imagequality of the anteriorly applied echocardiography usually depends on cardiac 
position, cardiac size, lung volume and distance from chest wall to heart in closed chests. There-
fore, the image quality is frequently poor in early postoperative patients, who are on controlled 
ventilation with drainage tubes in their anterior mediastinal space. 
Transesophageal echocardiography, first introduced by FRAZI1' et al. in 197613lぅmaysolve 
these problems. 
The transducer was designed for eij.sy swallowing by making the edges more blunt and 
attached to the tip of a selective bronchography catheter for adequate control. The transducer 
can be swallowed easily and safely with mild gagging as it passes through the cricopharyngeal 
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sphincter. In intubated patients、anteriorretraction of the intratracheal tube with l¥Iacintosh’s 
Iaryngoscope permits smooth introduction of the transducer into the esophagus. 
Figures 26 and 27 >how the transducer position, echo beam direction and corresponding 
echograms: 1) atrial septa! echogram, 2) aortic valve echogram, 3) anterior mitral leaflet echo-
gram, 4) interventricular septal and posterior left ventricular free wall echogram, 5) anterior and 
posterior left ventricular free wall echogram. 
Thus, it is possible to obtain a clear echogram which is a mirror image of the anterior para-
sternal echocardiogram. Furthermore‘the acoustic window of transcsophageal echocardiogra-
phy is so wide that scanning of the atrial septum and anterior left ventricular free wall is also 
possible31>32.43J. Cardiac scanning by withdrawing the transducer with a counter-clockwise 
to clockwise rotation presents a continuity of the anterior aortic wall to the interventricular septum, 
and of the posterior aortic wall to the anterior mitral leaflet. This method can also be used for the 
diagnosis of cono-truncal lesion (Fig. 28). 
In 30 patients undergoing trasesophageal echocardiography, an atrial septal echogram could 
be obtained in 100%, an aortic valve echogram in 100%, an anterior mitral leaflet echogram in 
100% and a left ventricular echogram consisting of anterior and posterior free walls in 86.7%. 
These rates of detection are obviously higher than those by conventional anterior echocardiogra 
phy. l'IIATSUZAKI et al31l. also reported a superior rate of detection by this method in 12 patients 
with chronic obstructive lung disease. In this study, every transesophageal cchogram is clear 








Fig. 26. Diagram of the heart showing the 四rdiacstructures traversed by ultrasonic 
beam as the transducer scans interatrial septum (position 1) to anterior and 
posterior left ventricular wall (position 5). 
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surgery34•35>, probably because of the direct contact of the transducer with the heart via the eso-
phageal wall without interference by lung tissue or bony structures. 
:¥lATSUZAKI et al.31> found close correlations of C-E amplitude (r=0.848), diastolic descent 
rate (r=0.883), end diastolic dimension (r=0.852) and end-systolic dimension (r=0.886) between 
anterior and transesophageal echocardiographies. FRAZIN et al.13> also noted good correlations 
of aortic dimension （ァ＝0.69),left atrial dimension (r=0.96) and diastolic descent rate （ァ＝0.97)
between these two methods. In this study, high correlations were noted for aortic dimension 
(r=0.836), left atrial dimension (r=0.984), C-E amplitude (r=0.977) and diastolic descent rate 
(r=0.978) between these two methods; most plots were located along the Y =X Jin巴exceptthose 
of aortic dimension. Variations in aortic dimension are thought to result from changes in beam 
angulation accompanying aortic enlargement. In patients without paradoxical movement of 
the interventricular septum, the end-diastolic dimension on transesophageal echocardiography 
correlated well with that on anterior echocardiography, with a tendency towards greater values 
in the former. Thus transesophageal echocardiography is a valuable clinical tool, especially in 
aged patients with chronic obstructive lung disease, and in patients during and soon after cardiac 
surgery. 
Use in Evaluation of left Ventricular Function. 
Systolic function: 
Altered left ventricular function after cardiac surgery is the result of mechanical efects 
(altered perload and afterload) and reduction in myocardial contractility due to trauma by the 
operative procedu町、 anesthesiaand cardiopulmonary bypass, including cardiac arrest. 
In Group I, al indices were well maintained and the postoperative course was uneventful. 
However, in Group I, EF, mVcf and PSP/ESD, which increased immediately after operation, 
probably due to the effect of inotropic agents, were significantly reduced 6 to 12 hours after 
operation. STI increased to 0.44土0.10,and some patients had STI over 0.6. Even one month 
postoperatively, these indices were inadequate, while SV increased. These results suggest that 
mitral stenosis causes severe myocardial suppression, as previously observed10•11•22•23>. In 
TRANSESOPHAGEAL M-MODE ECHOCARDIOGRAPHY 853 
Group III, SV was significantly reduced immediately after operation. Subsequent increase of 
mVcf and PSP/ESD、anddecrease of EF resulted from reduction of left ventricular volume 
overload. The postoperative systolic indices in Group III, with moderate myocardial damage, 
were between those of Groups I and I. STI was relatively high compared with the other systolic 
indices. The reason for this is probably that the mechanical aortic valve prosthesis needs a longer 
isometric contraction time, and a larger aortic orifice, due to aortic regurgitation, results in a 
shorter left ventricular ejection time. In Group IV, EF, mVcf and PSP/ESD increased after 
operation; postoperative myocardial depression was milder than in Group I and III, despite the 
depression 3 to 6 hours after operation, probably due to catecholamine release, 16•55> and one 
month after operation, left ventricular function was slightly better than before operation. The 
improvement of left ventricular function following A-C bypass surgery is thought to be the result 
of improved myocardial contractility and/or dyskinetic movement of the affected ventricular wall 
due to restoration of coronary blood flow to the ischemic myocardium. 
The e仇ctof A-C bypass surgery has been demonstrated by the improvement of NYHA 
activity class29>, EF2> and STl16>, and by myocardial scintigraphy.20,42> However, itis not suit-
able to evaluate overall left ventricular function following A-C bypass surgery, because there are 
various changes caused by factors such as the previous presence and the perioperative extension 
of infarction and the severity of the peripheral coronary arterial lesion. 
Echocardiographic measurement is also applicable during pericardectomy for constrictive 
pericarditis. Increased SV, EF, mVcf and PSP/ESD, and decreased STI were observed after 
pericardectomy. 
It is generally recognized that parameters measured by anterior echocardiography correlate 
wel with those by angiocardiography. However, correlation is not always good after open heart 
surgery, because of the paradoxical movement of the interventricular septum. With transeso-
phageal echocardiography, the left ventricular dimension can be measured between the anterior 
and posterior free wall, excluding the interventricular septum341. A high correlation was noted 
in SV between transesophageal echocardiography and thermo dilution (r=0.849), and there were 
also high correlations between EF and CI (r=0.763), and mVcf and CI (r=0.789). Therefore 
transesophageal echocardiography appears to be suitable for the evaluation of left ventricular 
function soon after open heart surgery35J. 
Moreover, EF showed a greater value as compared with CI than has generally been accepted, 
and there were variations of CI between 0.5 and 0.6 of EF. These findings demonstrate that 
left ventricular anterior and posterior free walls are indeed hyperkinetic due to compensation for 
the paradoxical movement of the interventricular septum and that there may be a participation of 
diastolic characteristics and/or the Frank-Starli時 mechanismin the given CI. which makes it 
possible to maintain the CI with a relatively low EF by increasing the left ventricular end diastolic 
dimension. 
STI was first described by WEISSLER et al. in 196856>. This index consists of two factors; 
LVET and PEP. L VET correlates well with SV, and PEP correlates inversely with myocardial 
contract出yss,57）ー Therefore,PEP /L VET is being used as a parameter of left ventricular 
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contractility independent of heart rate in the field of internal medicine1 M7J. Kawabe introduced 
this parameter for estimating postoperative left ventricular function, using the radial arterial 
pressure curve, ele「trocardiogramand phonocardiogram26>. However, in the low cardiac output 
state, the radial arteげ isfrequently contracted in various degrees. Thus, this state might result 
in a delay and an obscure dicrotic notch in the radial arterial pressure curve. The simultaneous 
recording of electrocardiogram and echocard1ogram would provide a more accurate measurement. 
Indeed, there was an inverse correlation (r＝一0.625)between STI and CI in this study, and 
the usefulness of this parameter was confirmed even after cardiac surgery. 
Recent animal experiments have shown that the slope of the end-systolic pressure/end匂 stolic
volume ratio (E max) might better characterize the left ventricular contractility independent of 
the magnitude of load51>. Clinically, E max was obtained by plotting dicrotic arterial pressure 
against end systolic volume before and after chagning the afterload21≫44>. However, in the 
early postoperative period, when cardiac function is veηr unstable, it seems to be unwise to change 
the load. Currently, the simple peak systolic pressure/end句rstolicvolume ratio was also found 
to be a sensitive parameter of left ventricular contractility independent of the loadaa,aMs>. 
The author obtained the end-systolic dimension by transesophageal echocardiography and 
the peak systolic pressure from the radial arterial pressure curve and used the more simple ratio of 
peak systolic pressure/end systolic dimension instead of E max. 
According to FUJII et aJ.14>, there is a close relationship between E max and EF (r=0.79). 
In this study, the PSP/ESD ratio correlated well with EF (r=0.756). Thus, this simple ratio 
also appears to be a useful parameter of postoperative left ventricular contractility. 
Diastolic characteristics: 
Until recently, left ventricular function was estimated from the pump function and muscle 
contractile mechanics, which provided a picture only of cardiac contractility. Since the observa-
tion by SoNNENBLICK et al.47>, special attention has been paid to the cardiac diastolic character-
istics. Several investigations have been reported in normal and diseased heartsも27,54>. Altera-
tions in left ventricular compliance based on intraoperative echocardiography have also been 
reported ao.4S,49J. 
Although there are some parameters suitable for determining left ventricular diastolic char-
acteristics, they are almost too complicated for clinical use. 
Left ventricular compliance is defined as dV/dP, where dV is equal to diastolic volume 
change, and dP is equal to change in left ventricular diastolic pressure. SMITH et al46>. modified 
this expression by normalizing it with the end-systolic volume and used it clinically with good 
results. In this study, the author used this “normalized compliance" because of its simplicity 
and reliability. Here dV was obtained from SV; ESV was measured by echocardiography. 
Mean pulmonary capillary wedge pressure was used as dP with the assumption that left ventri・
cular end-diastolic pressure approximates mean pulmonary capillary wedge pressure, and left 
ventricular pressure fals to zero at the beginning of diastole. 
''Normalized compliance'' had a high preoperative value of 0.44土0.21in Group I, but it fel 
to 0.26土0.19immediately after operation. Nevertheless, the lowest value was 0.26士0.19,
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suggesting that the influence of operative procedures and bypass techniques, including artificial 
五brillation,is minimal. 
On the contrary, a low preoperative value of 0.08土0.04rose to 0.12土0.05after left ventri-
cular filling disturbance was reduced by operation in Group I, although it remained low for 
24 hours. In Groups III and IV also，“normalized compliance" was low for 24 hours posto-
peratively, and there were no significant differences among Group I, III and IV. This result 
suggests that cardioplegic cardiac arrest influences the diastolic characteristics of the left ventricle 
despite myocardial protection, and the influence continues during the first 24 hours or longer. 
Alterations of "normalized compliance円 weresignificant in Group V. Low preoperative 
values due to left ventricular filling disturbances were significantly improved following pericar-
dectomy and continu巴dsatisfactorily throughout the postoperative course. 
In addition，“normalized compliance" correlated well with EF (r=0.728), suggesting that 
myocardial distensibility is affected by EF, a reliable index of left ventricular contractility, as 
wel47>. And the fact that even patients with EF over 0.5 and low "normalized compliance" 
frequently had LOS implies that cardiac output in this period is also greatly dependent on the 
diastolic characteristics of the left ventricle. 
Other Applications. 
Intraoperative use: 
The usefulness of M mode echocardiography during operation has been reported by some 
authors. MATSUMOTO et al. 30> first introduced transesophageal echocardiography for continuous 
intraoperative monitoring of left ventricular function. Ishihara in his animal study showed that 
there was a close relationship between E-F slope and% closing volume of the mitral valve, and 
echocardiogrophy was suitable to evaluate mitral reconstructive surgery for mitral regurgita-
tion24>. Figure 29 depicts changes in echocardiographic measurements before and after recon-
structive surgery of the mitral valve. In the patient with severe residual regurgitation (case 2), 
LAO(mm) 主主主旦但旦） 旦旦型旦出~
preop postop preop postop preop postop 
CASE I 45 40 30 20 85 40 
CASE 2 35 35 28 24 7 75 
CASEJ 40 34 4 29 70 46 
CA5E4 37 42 43 2 120 42 
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Fig. 29. Echocardiographic study before and immediately after reconstructive 
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Fig. 30. Intraoperative contrast echocardiogram showing severe mitral regurgitation (arrow). 
the diastolic descent rate decreased minimally. Figure 30 is an intraoperative contrast echocar-
diogram obtained by direct infusion of cold saline into the left atrium, showing severe mitral 
regurgitation. Therefore, evaluation of mitral reconstructive surgery, as well as of open mitral 
commissurotomy2＆ヘ mightbe possible by transesophageal echocardiography immediately after 
the heart begins to beat. 
The sensitivity of echocardiography to microbubbles is now well recognized, having been 
applied extensively in contrast echocardiography19l. Figure 31 shows echograms recorded after 
cardiopulmonary bypass. Contrast echoes are seen in the left atrium, left ventricle and aorta 
for 10 minutes or longer after the closure of cardiac chambers. These contrast echoes are thought 
to be microbubbles which enter the cardiac chambers during operation5J. There is a slight 
possibility of producing focal microemboli, so this air should be evacuated when transesophageal 
echocardiography demonstrates many microbubbles. 
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Fig. 32. Transesophageal M-mode echocardiogram of pericardia! efusion. 
ALV、N:anterior left ventricular wal, PLVW: posterior left ventricular wal. 
PE : pericardial efusion. 
Cardiac tamponade: 
857 
Cardiac tamponade is one of the common complications in cardiac surgery. Echocardio-
graphy is generally accepted as a useful method of detecting pericardia! effusion. The conven-
tional anterior approaぞhis frequently of litle use in the early postoperative period, because of the 
poor quality of its image. Figure 32 is a transesophageal echocardiogram of pericardia! effusion. 
Effusion is well identified in front of the anterior left ventricular wall and behind the posterior 
left ventricular wall. Therefore, This method is useful in the early detection of cardiac tam-
ponade. 
Summary 
Transesophageal M-mode echocardiography provided a clear echogram as a mirror image 
of the anterior echocardiogram. It had a higher rate of detection of various echograms than 
anterior echocardiography, not only in aged patients with chronic obstructive lung disease, but 
also in patients during and soon after cardiac surgery. Moreover, various measurements by this 
method correlated well with those obtained by anterior echocardiography. 
Transesophageal echocardiography was performed in 20 patients undergoing cardiac opera-
lion in order to assess its value during and soon after cardiac surgery. Their diseases were: 
atrial septal defect (5), partial endocardial cushion defect (1), ventricular septal defect (1), mitral 
stenosis (6), mitral regurgitation (1), aortic regurgitation (2), ischemic heart disease (2), and 
constrictive pericarditis (2). 
SV measured by transesophageal echocardiography correlated well with that obtained by 
thermo・dilution,and there were high correlations between EF and CI, and between mVcf and 
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CI, while STI correlated inversely with CI. PSP/ESD also correlated well with EF. 
（）｝）日ervingthe change in these indices offered much information concerning left ventricular 
systolic function after cardiac surgery. l¥loreover, measurement of pulmonary capillary wedge 
pressure、combinedwith the left ventricular volum巴 determinedby this method, provided the 
left ventricular diastolic characteristic、s（“normalized compliance’1 
In addition, intraoperative evaluation of mitral reconstructive surgery, prevention of focal 
micro-embolism and early detection of cardiac tamponade were thought to be possible. 
Therefore, continuous monitoring by transesophageal echocardiography appears to be 
valuable for intra-and post-operative management of cardiac surgery‘especially in anticipation 
of low cardiac output syndrome and other serious complications. 
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一方， STIは CIと逆相関を， PSP厄SPはEFと正
の相関を示し，とれらの指標も左室収縮能を良く反映
するものと考えられた．本法による左室容積変化と平
均肺動脈契入圧の関係からは，左室 Complianceの術
後変化をも観察可能であり，したがって，経食道的心
エコー法は，心臓手術後の左心機能の観察に優れた手
段である．
さらに，僧帽弁形成術の術中評価や空気塞栓症の予
防および心タンポナーデの早期発見の可能性も示唆さ
れ，本法は，心臓手術中・術後管理lζ有用な非侵豊島的
手段として今後注目されるものと思われる．
